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ABSTRACT
Objectives: To evaluate area- and gender-related differences in the soft tissue thickness of po-
tential areas for installing miniscrews in the buccal-attached gingiva and the palatal masticatory
mucosa.
Materials and Methods: The sample consisted of 61 Korean young adults. An ultrasonic gingival-
thickness meter was used to measure the soft-tissue thickness in the buccal-attached gingiva just
adjacent to the mucogingival junction of the upper and lower arches and 4 mm and 8 mm below
the gingival crest in the palatal masticatory mucosa. Independent t-test, paired t-test, and one-
way analysis of variance were used for statistical analysis.
Results: Buccal-attached gingiva thickness in the upper arch was significantly greater in men
than in women, but buccal-attached gingiva thickness in the lower arch and palatal masticatory
mucosa thickness 4 and 8 mm below the gingival crest did not show gender differences. Signif-
icantly thicker soft tissue occurred in the anterior areas in the upper arch and in the posterior
areas in the lower arch. In the palatal masticatory mucosa, significantly thicker soft tissue was
found 4 mm below the gingival crest in the anterior areas and 8 mm below the gingival crest in
the posterior areas. The areas between the canines and the premolars showed higher values
than other areas 4 mm below the gingival crest. However, the soft-tissue thickness 8 mm below
the gingival crest showed a progressive increase from the anterior to the posterior areas.
Conclusion: Measurements of the soft-tissue thickness using an ultrasonic device could help
practitioners select the proper orthodontic miniscrew in daily clinical practice.
KEY WORDS: Soft-tissue thickness; Orthodontic miniscrew; Attached gingiva; Palatal masticatory
mucosa; Ultrasonic device
INTRODUCTION
Use of orthodontic miniscrews (OMSs; also known
as micro- or mini-implants) to reinforce orthodontic an-
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chorage and decrease the need for patient compliance
has increased dramatically. In addition, these devices
occasionally permit orthodontic treatments previously
thought to be difficult or impossible without surgery.1–10
The stability of an OMS depends on the site of im-
plantation, the angulation of the OMS to bone, the
quality and quantity of the cortical bone, the insertion
and removal torque, the degree of the bone-OMS con-
tact, the degree of inflammation of the peri-OMS tis-
sue, the thickness and mobility of the soft tissue, the
craniofacial morphology, and the screw dimen-
sions.11–17
For the soft-tissue component of stability, risk of fail-
ure for OMS surrounded by nonkeratinized mucosa
has been reported to be higher than that for OMS sur-
rounded by keratinized mucosa.13 Therefore, in the
buccal side of the alveolus, the OMS has usually been
placed in the interdental areas of the attached gingiva
(AG) just adjacent to the mucogingival junction of the
upper and lower arches. In the palate, the whole area
of the palatal masticatory mucosa (PMM) is made up
of the keratinized tissue in which the OMS can be re-
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Figure 1. (a) SDM ultrasonic gingival thickness meter (KRUPP Cor-
poration, Essen, Germany); (b) measurement of the interdental area
in the palatal masticatory mucosa thickness at 4 mm below the gin-
gival crest.
liably installed. However, the PMM is known to be at
least two to three times thicker than the AG on the
buccal side,18 and different areas of the buccal AG
have different soft-tissue thicknesses. Therefore, the
soft tissue in the candidate areas for OMS installation
might be one of the important factors of successful
implantation.
If OMSs with the same length are used in areas with
different thicknesses of soft tissue, the length of OMS
inserted in the bone is different. Therefore, the soft-
tissue thickness of the oral mucosa must be measured
before OMS installation.
Three methods are currently used to measure the
soft-tissue thickness of the oral mucosa. One is direct
measurement using a needle or periodontal probe with
an endodontic file stopper under local anesthesia.19
The second is indirect measurement using computed
tomography, which is expensive, involves radiation ex-
posure and has limited resolution due to slice thick-
ness.20,21 Finally, there is direct measurement using an
ultrasonic device such as an ultrasonic gingival-thick-
ness meter (SDM, KRUPP Corporation, Essen, Ger-
many; Figure 1), which has excellent convenience, re-
peatability, reliability, and accuracy.22–29 The SDM ul-
trasonic gingival-thickness meter works by measuring
the time between when an ultrasonic wave is emitted
and when it has passed through the oral mucosa and
is reflected back from the bone surface. The meter’s
monitor displays the soft-tissue thickness.
The purpose of this study was to evaluate area- and
gender-related differences in the soft-tissue thickness
of the candidate areas for installing OMS in the buccal
AG and the PMM with direct intraoral measurement
using an ultrasonic device.
MATERIALS AND METHODS
The sample consisted of 61 Korean young adults
(28 men and 33 women; mean age  25.3 years; age
range  19 to 35 years old) who had not had ortho-
dontic or prosthodontic treatment or tooth extraction
(except the third molars). Patients did not have gingi-
val swelling, destructive periodontal disease, or severe
crowding and ectopically positioned teeth, and they
had not taken medications that affect the periodontal
tissue, such as cyclosporin A, a calcium channel
blocker, or phenytoin.
Soft-tissue thickness was measured at the interden-
tal areas of the buccal AG just adjacent to the muco-
gingival junction of the upper and lower arch and at
the level of 4 mm and 8 mm below the gingival crest
in the PMM, respectively (Figure 2). Measurements at
4 and 8 mm below the gingival crest in the PMM were
chosen because (1) 4 mm was easy to mark as the
diameter of the sensor was 3 mm, (2) 4 mm was near
the trifurcation area, and (3) 8 mm was almost half of
the upper first molar root from the lateral cephalogram
tracing. These areas were marked with an indelible
pencil (Albrecht Durer, Faber-Castell, Nurnberg, Ger-
many). Soft tissue on the midpalatal area, the retro-
molar pad, and the maxillary tuberosity were not mea-
sured because of limited accessibility to the sensor.
Soft-tissue thickness of the interdental areas was
measured intraorally using an ultrasonic gingival thick-
ness meter (SDM, KRUPP Corporation; range of mea-
surement  0.3 to 8.0 mm; resolution  0.1 mm; ul-
trasonic frequency  5 MHz; sensor diameter  3.0
mm). One investigator did the measurements, with
minimal pressure on the soft tissue and in a wet en-
vironment.
The same person remeasured 10 randomly selected
samples 2 weeks later to determine any measurement
error. A paired t-test did not show any significant dif-
ference. Therefore, the first measurements were used
for this study. There was no difference between the
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Figure 2. Location of measurement points. (a) the maxillary arch,
(b) the mandibular arch. CICI indicates area between the central
incisors; CILI, area between the central and lateral incisors; LIC,
area between the lateral incisor and the canine; CP1, area between
the canine and the first premolar; P1P2, area between the first and
second premolars; P2M1, area between the second premolar and
the first molar; M1M2, area between the first and second molars.
The mean vertical levels of the attached gingiva from the interprox-
imal papilla tip were maxillary arch: CICI, 8.17  1.32 mm; CILI,
8.93  1.13 mm; LIC, 9.06  1.0 0mm; CP1, 9.10  1.22 mm;
P1P2, 7.87  1.17 mm; P2M1, 7.87  1.20 mm; M1M2, 8.02 
1.63 mm; mandibular arch: CICI, 6.86  1.01 mm; CILI, 7.45  1.15
mm; LIC, 7.74  1.15 mm; CP1, 7.23  0.99 mm; P1P2, 6.65 
0.92 mm; P2M1, 6.80  0.81 mm; M1M2, 6.36  1.01 mm.
right and left sides in a paired t-test, so average values
of the variables of both sides were used.
Independent t-test, paired t-test, and one-way anal-
ysis of variance were used for statistical analysis to
find out area- and gender-related differences.
RESULTS
Although there was no gender difference in the buc-
cal AG thickness of the lower arch, men had a greater
buccal AG than women in four areas:
• between the central and lateral incisors (CILI, P
.01);
• between the lateral incisor and the canine (LIC, P
.05);
• between the canine and the first premolar (CP1, P
.05); and
• between the second premolar and the first molar
(P2M1, P .05) of the upper arch (Table 1).
Both men and women showed a similar pattern of
difference in the buccal AG thickness between the up-
per and lower arches. The areas between the anterior
teeth and the premolars in the upper arch showed
higher values of soft-tissue thickness than did the low-
er arch (men: area between the central incisors [CICI],
P  .05; CILI, P  .001; area between the first and
second premolars [P1P2], P  .001; women: CICI, P
 .001; CILI, P  .001; P1P2, P  .05) (Table 1).
However, the lower arch had significantly thicker soft
tissue in the area between the first and second molars
than did the upper arch (men and women, P  .001)
(Table 1).
No gender difference was found in the PMM thick-
ness at 4 mm and 8 mm below the gingival crest ex-
cept at 8 mm below the gingival crest between the first
and second premolars (P  .01) (Table 2). There was
an opposite tendency in the change of the soft-tissue
thickness from 4 mm to 8 mm below the gingival crest
and a decrease of thickness in the areas between the
anterior teeth (men: CICI, P  .05; CILI, P  .001;
women: CICI, P  .05; CILI, P  .05; LIC, P  .01)
and an increase in the areas between the posterior
teeth (men: CP1, P  .05; P1P2, P  .001; P2M1, P
 .001; M1M2, P  .001; women: P2M1, P  .001;
M1M2, P  .001) (Table 2).
Men and women showed a similar pattern of change
in the soft-tissue thickness according to areas in the
buccal AG. In the upper arch the areas between the
anterior teeth (incisors and canines) showed higher
values than did other areas (P  .001) (Table 3). In
the lower arch, the areas between the first and second
molars and between the lateral incisor and canine
showed higher values (P  .001) (Table 3).
In the PMM, 4 mm below the gingival crest, the ar-
eas between the canine, the first premolar, and the
second premolars showed higher values than other ar-
eas (P  .001) (Table 3). However, the soft-tissue
thickness 8 mm below the gingival crest showed a pro-
gressive increase from the anterior to the posterior ar-
eas (P  .001) (Table 3).
DISCUSSION
Accuracy and reliability of ultrasonic assessments of
soft-tissue thickness in different parts of the oral cavity
may depend on placing the device precisely and re-
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Table 1. Thickness of the Buccal-Attached Gingiva of the Upper and Lower Archesa
Buccal-Attached Gingiva
Men (N  28)
Mean SD
Women (N  33)
Mean SD P b
Upper arch CICI 1.20† 0.18 1.28†† 0.17 .0931
CILI 1.84†† 0.53 1.48†† 0.48 .0077**
LIC 1.48 0.44 1.26 0.31 .0232*
CP1 1.14 0.23 1.05 0.15 .0496*
P1P2 1.25†† 0.32 1.12† 0.25 .0830
P2M1 1.23 0.32 1.09 0.20 .0383*
M1M2 1.11†† 0.21 1.05†† 0.15 .1815
Lower arch CICI 1.07 0.26 1.09 0.29 .7866
CILI 1.07 0.18 1.18 0.33 .1154
LIC 1.27 0.40 1.24 0.36 .7928
CP1 1.09 0.24 1.06 0.17 .5825
P1P2 1.02 0.09 1.02 0.09 .9078
P2M1 1.09 0.20 1.05 0.15 .3202
M1M2 1.61 0.44 1.53 0.45 .5035
a Paired t-test to compare the variables between upper and lower arches; † P  .05; †† P  .001; men: P value of CICI, 0.0411; of CILI,
0.0000; of P1P2, 0.0002; of M1M2, 0.0000; women: P value of CICI, 0.0003; of CILI, 0.0002; of P1P2, 0.0326; of M1M2, 0.0000.
b Independent t-test to compare the variables between men and women; * P  .05; ** P  .01; CICI, area between the central incisors; CILI,
area between the central and lateral incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first
premolar; P1P2, area between the first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area
between the first and second molars.
Table 2. Thickness of the Palatal Masticatory Mucosa at 4 mm and 8 mm Below Gingival Cresta
Palatal Masticatory Mucosa
Men (N  28)
Mean SD
Women (N  33)
Mean SD P b
4 mm below gingival crest CICI 2.39† 0.79 2.73† 0.84 .1158
CILI 2.70†† 0.52 2.50† 0.57 .1677
LIC 2.80 0.64 2.82†† 0.77 .9368
CP1 3.14† 0.68 3.21 0.57 .6671
P1P2 3.20†† 0.80 3.26 0.56 .7274
P2M1 2.88†† 0.72 2.77†† 0.81 .6065
M1M2 2.43†† 0.90 2.67†† 0.85 .2940
8 mm below gingival crest CICI 2.00 0.90 2.18 1.24 .5211
CILI 2.07 0.60 2.11 0.69 .8374
LIC 2.75 0.69 2.53 0.65 .2046
CP1 3.43 0.73 3.17 0.60 .1278
P1P2 3.79 0.70 3.26 0.70 .0046**
P2M1 3.39 0.77 3.30 0.85 .6694
M1M2 4.14 1.68 4.35 1.66 .6332
a Paired t-test to compare the variables between upper and lower arches; † P  .05; †† P  .001; men: P value of CICI, 0.0249; of CILI,
0.0000; of CP1, 0.0468; of P1P2, 0.0003; of P2M1, 0.0003; of M1M2, 0.0000; women: P value of CICI, 0.0198; of CILI, 0.0152; of LIC, 0.0058;
of P2M1, 0.0013; of M1M2, 0.0000.
b Independent t-test to compare the variables between men and women; * P  .05; ** P  .01; CICI, area between the central incisors; CILI,
area between the central and lateral incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first
premolar; P1P2, area between the first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area
between the first and second molars.
peatedly at the specified location.26 Therefore, areas
that are difficult to access with the sensor, such as the
midpalatal area, the retromolar pad, and the maxillary
tuberosity where the third molars could be located un-
der the soft tissue, were excluded in this study. These
areas also have considerable variation in soft-tissue
thickness.27,28
Although Eger et al24 reported no differences in
means and standard deviations between different age
groups, we restricted this study to samples from adults
younger than 30 years to be certain that there were
no age-related effects on soft-tissue thickness.
In the upper arch, men had thicker buccal AG than
did women (Table 1), in accord with the results of for-
mer studies.23,27,28 However, the lower arch did not
show significant difference between men and women
(Table 1).
When we compared the buccal AG thickness be-
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Upper arch 1.20 1.84 1.48 1.14 1.25 1.23 1.11 .0000*** (7, 4, 1, 6, 5)  3  2









2.37 2.70 2.80 3.14 3.20 2.88 2.43 .0000*** (1, 7, 2)  (7, 2, 3)  (2, 3, 6)









Upper arch 1.28 1.48 1.26 1.05 1.12 1.09 1.05 .0000*** (4, 7, 6, 5)  (3, 1)  2















2.18 2.11 2.53 3.17 3.26 3.30 4.35 .0000*** (2, 1, 3)  (4, 5, 6)  7
One-way analysis of variance test to compare the variables among areas in men and women; Post-hoc test by Duncan; means for groups
in homogeneous subsets are displayed. *** P  .001; CICI, area between the central incisors; CILI, area between the central and lateral
incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first premolar; P1P2, area between the
first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area between the first and second molars.
tween the upper and lower arches, the areas between
the anterior teeth and the premolars in the upper arch
and the area between the molars in the lower arch had
significantly thicker soft tissue than did the corre-
sponding areas in the lower and upper arches, re-
spectively (Table 1). This suggests that the different
failure ratios of OMS in those areas between the upper
and lower arches16 might be related to soft-tissue
thickness.
In the PMM at 4 mm and 8 mm below the gingival
crest, there was no difference in thickness based on
gender (Table 2). This was in accord with the results
of a former study.25
The PMM thickness between 4 mm and 8 mm below
the gingival crest, the areas between the anterior teeth
at the level of 4 mm below the gingival crest, and the
areas between the posterior teeth at the level of 8 mm
below the gingival crest had significantly thicker soft
tissue than did the corresponding areas (Table 2).
Wara-aswapati et al19 reported results similar to those
of this study. These findings suggest that thickness of
the PMM changes from the gingival margin toward the
mid-palate, with the opposite tendency in the anterior
and posterior areas, respectively.
When we compared the buccal AG thickness among
different areas in the upper and lower arches, the ar-
eas between the lateral incisor and canine in the upper
arches and the areas between the first and second
molars in the lower arch had significantly thicker soft
tissue than did the other areas in both men and wom-
en (Table 3).
Although the stability of OMSs depends on the qual-
ity and quantity of the cortical bone, areas of thin soft
tissue are more suitable for implantation because the
likelihood of inflammation is lower.18 Maximum reten-
tion can be obtained when OMSs are placed in areas
of thin soft tissue and thick cortical bone. If the AG in
those regions is not large enough, it is best to place
the OMS coronally or mesio-distally in the same area
or to look for the different area with more support of
the AG.
In the PMM the areas between the canine and the
first premolar and between the first and second pre-
molars showed higher values than other areas at the
level of 4 mm below the gingival crest (Table 3), which
was in accord with the results of former studies.27,28
The soft-tissue thickness at the level of 8 mm below
the gingival crest showed a progressive increase from
the anterior to the posterior areas (Table 3). This was
also in accord with the results of a former study.19
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On the palatal side, variations of the soft-tissue
thickness were greater than were variations of the cor-
tical bone thickness.18 Therefore, when OMSs are im-
planted in the palatal side clinicians have two options:
(1) An OMS longer than conventional ones could help
compensate for the thicker soft tissue in the areas be-
tween the canine and the first premolar, between the
first and second premolars at 4 mm below the gingival
crest, and between the posterior areas at 8 mm below
the gingival crest; and (2) OMSs should be placed in
areas where the soft tissue is thinner at the level of 4
or 8 mm below the gingival crest.
CONCLUSION
• Measurements of the STT (soft tissue thickness) of
the BAG (buccal attached gingiva) and the PMM
(palatal masticatory mucosa) using an ultrasonic de-
vice could help to select the proper orthodontic min-
iscrew in daily clinical practice.
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